Purpose-We compared mortality rates among state prisoners and other state residents to identify prisoners' healthcare needs Methods-We linked North Carolina prison records with state death records for 1995-2005 to estimate all-cause and cause-specific death rates among Black and White male prisoners aged 20-79 years, and used standardized mortality ratios (SMRs) to compare these observed deaths with the expected number based on death rates among state residents Results-The all-cause SMR of Black prisoners was 0.52 (95%CI: 0.48 0.57), with fewer deaths than expected from accidents, homicides, cardiovascular disease and cancer. The all-cause SMR of White prisoners was 1.12 (95%CI: 1.01, 1.25) with fewer deaths than expected for accidents, but more deaths than expected from viral hepatitis, liver disease, cancer, chronic lower respiratory disease, and HIV.
INTRODUCTION
The US has the highest incarceration rate in the world 1 with an estimated 1 in 100 adults in prison or jail on any given day. 2 One consequence of this mass incarceration is that prisons have become an important source of healthcare for a portion of America's poor.
Providing healthcare in prison presents many challenges. Compared to the general population, prison populations have high rates of morbidity, particularly from infectious diseases, mental health conditions, and substance use. [3] [4] [5] And with the aging of the prison population, prison systems are increasingly confronted with providing care for other chronic diseases. 6, 7 While in principle, prisoners' right to healthcare has been confirmed in the judicial system, 8 in practice the provision of healthcare may be constrained by overcrowding, competing financial needs, and lack of personnel. 9, 10 Beyond the provision of healthcare, prisons may influence inmates' health by providing food and shelter as well as opportunities for exercise and health education. For some inmates, prisons also provide a refuge from the substance use and violence endemic in their communities; for others, these threats persist-and in some instances are heightened-in prison. [11] [12] [13] These three factors-baseline morbidity, access to care, and the environment-play important roles in influencing prisoners' health and their mortality. Conversely, mortality rates can inform us of the confluent effect of these factors.
Although several studies have examined prisoner mortality, [14] [15] [16] [17] [18] [19] few have been conducted in the US during the past twenty years. [20] [21] [22] Arguably, the most comprehensive of these more recent studies was a report by the US Bureau of Justice Statistics (BJS), which assessed all deaths of state prisoners, aged 15-64 years, for the years [2001] [2002] [2003] [2004] . Similar to older studies, this report found that prisoners had lower death rates than in the general population. But this study was remarkable in that it documented wide disparities in mortality by race. The crude mortality rate for Black prisoners was 57% less than that of Blacks in the general population (206 vs. 484 per 100,000), while the crude mortality rate of White prisoners was 10% greater than Whites in the general population (343 vs. 312 per 100,000). 20 Further refining estimates of mortality by race, Patterson recently published race stratified age-specific mortality rates among US male prisoners for the years1985 to 1998. She found that mortality rates for both Black and White males were each similar to that of nonincarcerated White males. 22 While the analysis did not include data describing prisoners' cause of death, by excluding traumatic deaths from the comparator (i.e. general) population, Patterson demonstrated that the decrease in mortality among Black prisoners was not entirely due to the environmental protections of prison. Another recent study, which assessed mortality among Georgia state prisoners, found that imprisoned Black men had lower mortality rates than Black men in the general population, although this effect may have been largely an artifact of the state's compassionate release policy. 21 In this study we use data from a single state to build on the previous examinations of prisoner mortality by race, comparing all-cause and cause-specific mortality among prisoners with that of the general population. Quantification of mortality rates provides a useful albeit blunt barometer to assess prisoners' health and healthcare needs.
METHODS

Data sources and linkage
For the study years 1995 to 2005, we obtained electronic imprisonment records from the North Carolina Department of Correction (NC DOC) and electronic state death records from the North Carolina State Center for Health Statistics. Both sets of records included first and last name, race, sex, date of birth, and last 4 digits of the social security number. In addition, death records included cause and date of death, and imprisonment records included a field indicating whether the inmate died during incarceration. Imprisonment records did not indicate cause of death except for those prisoners who were executed.
To determine prisoners' cause of death, we matched and linked imprisonment and death records based on the personal identifiers common to both databases; matching was conducted using Link Plus software which allows for probabilistic matching of records. 23 We excluded the thirty three deaths by execution. We also excluded prisoners aged 80 years or older, women, and male prisoners who were neither White nor Black because these groups were too small to calculate race-and age-stratified mortality estimates with adequate precision. Ninety-five percent of records among White and Black male decedent prisoners (797/841) were matched and linked to a state death record. Sixty percent (26/44) of unlinked records were among Blacks.
Cause of death coding
In state death records, cause of death was coded using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), for years 1995 to 1998 and the International Statistical Classification of Diseases and Related Health Problems, Tenth Revision (ICD-10), for years 1999 to 2005. The ICD codes were grouped into causes according to the National Center for Health Statistics (NCHS) List of Selected Causes of Death. 24 Because the NCHS list does not include a mental health category, we constructed this category based on coding for the mental health chapters in the ICD-9-CM and ICD-10.
Results are presented for all-causes of death as well as by 11 mutually exclusive categories of death, and 14 substituent causes. We also created a category for alcohol-and druginduced deaths which aggregates deaths from all ICD codes in which alcohol or drug use is explicitly described as the cause (Appendix Table 1 ).
Prison and state census data-As with other studies of prisoner mortality, 20, 22 denominator data used to determine death rates among prisoners consisted of age-and racespecific person-years derived with the assumption that the counts of prisoners incarcerated on June 30 th of each year during the study period approximated the average number of inmates during the year. We obtained these data by querying the NC DOC website (accessed December 12, 2009 ).
Denominator data for determining death rates among residents were obtained by querying the CDC's Wide-Ranging OnLine Data for Epidemiological Research Web site, which provides stratum-specific decennial census counts and annual intercensal estimates (accessed December 14, 2009 ). 25, 26 Analyses of all-cause and cause-specific mortality To compare mortality across imprisonment status, we first estimated crude all-cause mortality rates separately for male prisoners and for other male residents, stratifying by race (Black or White). We used direct standardization (with ages divided into 10-year groups from 20-29 to 70-79) to adjust our mortality estimates for differences in age-composition across each population. Age-standardized estimates were weighted using the 2000 US standard population, and CIs and statistical testing accounted for the stratum-specific weights of the standard population. 27 We examined cause-specific mortality to determine which causes of death contributed to mortality differences between male prisoners and other male state residents. However, for some causes the low number of prisoner deaths resulted in inadequate precision to make comparisons using standardized mortality rates, Accordingly, we used race-stratified standardized mortality ratios (SMRs), to contrast mortality between prisoners and residents. SMRs were estimated as the ratio of observed prisoner deaths divided by expected prisoner deaths. The expected number of prisoner deaths was estimated by multiplying the racespecific death rate for each age stratum of the state resident population by the race-specific number of person-years within each corresponding age-stratum of the prison population and summing the results across all age-strata. We also calculated the difference between observed and expected deaths for each cause.
Approximate 95% CIs for SMRs were calculated when the observed number of deaths per group was 100 or greater; 28 for fewer observed deaths, we calculated exact confidence intervals. 29 .All analyses were conducted using SAS version 9.2 (SAS Institute, Cary, NC); SMRs and 95% CIs were calculated with our own SAS macro.
This study was approved by the Internal Review Board at the University of North Carolina.
RESULTS
From January 1, 1995 to December 31, 2005, 120,959 unique prisoners aged 20 to 79 years were incarcerated in the NC prison system at least once. Eighty-seven percent (105,237/120,959) of these prisoners were male, and of the male prisoners 94% (98,870/105,237) were classified as either White or Black. Of these 98,870 prisoners, 61% (60,037) were Black, and the median age at admission was 32 years (25 th -75 th percentile inter-quartile limits [IQL]: 24-40). Forty-eight percent of adult Black and White male prisoners had a history of multiple imprisonments in the NC DOC, and the median number of lifetime months imprisoned was 13.8 (IQR: 5.4-38.9) with a total of 302,695 contributed person years at risk. Death during incarceration occurred among less than one percent of Black and White male prisoners (841/98,870).
Across age groups and the age-adjusted estimate, death rates among Black and White male prisoners were not statistically different (p>0.05) with estimates among Black prisoners generally lower than those of White prisoners (Figure 1, Appendix Table 2 ). In contrast, Black male residents had higher death rates than White male residents across all age-groups and the age-adjusted estimate (p<0.05). Comparing mortality rates within race, Black prisoners had lower death rates than Black residents across all age groups while White prisoners had lower death rates than White residents for the youngest age group, but higher death rates for ages 50-79 years.
Among both male prisoners and male residents, the most frequent causes of death were cardiovascular disease and cancer (Table 1) . However, infections caused nearly 20% of deaths among prisoners, but only about 5% among residents. SMRs among male prisoners differed substantially by race (Table 2) . Black prisoners experienced about half the expected number of all-cause deaths (SMR 0.52, 95%CI: 0.48, 0.57). For several causes, the number of deaths among Blacks was 80% less than the expected number (i.e. SMRs <0.2). These causes included alcohol or drugs, diabetes, chronic lower respiratory disease, mental and behavioral disorders, and accidents. There were at least 60% fewer than expected homicide and suicide deaths, and 36% and 31%, respectively, fewer than expected deaths from cardiovascular disease and cancer. For lung or bronchial cancer, liver cancer, liver disease, and HIV, SMRs included the null. The only cause for which Black prisoners experience an excess number of deaths was viral hepatitis (SMR 3.21, 95%CI: 1.66, 5.61) ( Table 2 ).
In contrast, among White male prisoners there was an excess number of expected deaths (SMR 1.12, 95%CI: 1.01, 1.25) for all-cause-mortality (Table 2) . However, in a sensitivity analysis which excluded the 18 Whites with a prison record indicating death but no matching state death record, the SMR included the null (Appendix Table 3 ). By cause, White prisoners experienced the greatest relative excess of deaths for viral hepatitis (SMR 7.18, 95%CI: 3.83, 12.28) and liver cancer (SMR 5.13, 95%CI: 2.46, 9.44). Cancer and infections accounted for the greatest absolute excess in deaths, 37 and 21, respectively. There were also excess numbers of deaths from non-alcoholic liver disease and chronic lower respiratory disease while SMR CIs for cardiovascular disease, homicide, suicide, and alcohol/drugs all included the null. Among White prisoners, the greatest absolute difference between observed and expected deaths was for accidental causes, in which the number of deaths observed was 45 fewer than the expected.
DISCUSSION
In this study, we compared the mortality experience of prisoners with that of the general population and examined how mortality differed across these populations by cause of death and race.
We found that the number of deaths among Black male prisoners was 48% less than the expected . In contrast, the number of deaths among White male prisoners was only modestly higher than expected, and in a sensitivity analysis this excess was not statistically significant. Our findings echoed those of the Patterson analysis 22 in that the agestandardized mortality rates for Black and White male prisoners were similar to White residents. These results are in stark contrast to mortality rates in the general populationboth in the US and in NC-in which mortality is about 40% higher among Blacks than Whites. 30 These findings suggest that incarceration may play a role in equalizing the mortality experience across race.
There are several possible mechanisms by which incarceration may be protective against or contribute to mortality. Relatively rigid provision of food, shelter, security, and medical and ancillary services may all affect mortality in prison. Similarly, environmental controls in prison may foster a unique set of illicit and unhealthy behaviors. Equivalent exposure to prison resources and environmental elements may contribute to similar mortality rates across race.
Among older prisoners, pre-existing morbidity prior to incarceration undoubtedly plays an important role in determining mortality patterns. While morbidity data were not available to us, a few large studies suggest that the prevalence of some chronic conditions among Black prisoners may be less those of White prisoners 31 and less than those of Blacks in the general population 31, 32 With about 16% of Black males, but only 2% of White males, imprisoned during their lifetime, 33 imprisonment among White men may be a stronger marker for disenfranchisement than for Black men. One consequence may be that White men who are imprisoned may be less healthy than White men who are not; this difference is probably less pronounced for Black men.
Examining cause-specific mortality among Black prisoners, we found that they had fewer than expected deaths from most chronic medical conditions, including the two most common causes of death, cancer and cardiovascular disease. Although SMRs for these causes demonstrate a moderate protective effect (i.e. SMR ~ 0.6) they represent large absolute differences between the number of expected and actual deaths. Causes with large absolute differences drive the all-cause mortality patterns and suggest conditions in which interventions may have the greatest public health impact.
It is possible that lower than expected levels of mortality from chronic conditions is the result of a "healthy worker effect." That is, some individuals are not healthy enough to engage in crime, and as a result, prisoners (and ex-prisoners) tend to be healthier than the general population. In a study of English and Welsh prisoners, Fazel and Benning imply that a healthy worker effect is inconsistent with Fazel's previous study showing high rates of morbidity and poor prison healthcare. 14 Other investigators of prison mortality studies simply concluded that a healthy worker effect was inconsistent with their results. 15, 21 Nonetheless, without both morbidity and mortality data, we cannot rule out the possibilityin these studies and in our own-that some groups of prisoners are healthier than nonprisoners.
Among Black male prisoners, causes of death with a large relative and absolute difference in the number of expected and actual deaths included accidents, homicides, and alcohol and drugs. Given the underlying mechanisms of these types of deaths, it's likely that their prevention was largely due to the environmental controls in prison. Since these causes are among the leading causes of death among young men in the community, it follows that the relatively low number of prisoner deaths from these causes helped to drive down the allcause mortality rates among the youngest age group of both Black and White prisoners.
Among Black male prisoners, the only cause of death with a statistically significant excess of deaths was viral hepatitis; indeed, the SMR for viral hepatitis was the highest among all causes for both Black and White male prisoners, although it accounted for only 3% (25/797) of all deaths in our population, a proportion similar to that found among Texas prisoners. 34 Although the high prevalence of hepatitis among prisoners is well known, to our knowledge treatment is not widespread despite favorable cost-effectiveness analyses. 35 In addition to hepatitis, White prisoners had greater than expected numbers of deaths from non-alcoholic liver disease, cancer (including liver and lung), chronic lower respiratory disease, and HIV; the SMR for cardiovascular disease was modestly elevated but its confidence interval included the null. As we suggested above, high rates of mortality from chronic diseases among Whites may be a reflection of high rates of morbidity among the incoming population; sub-optimal access to or quality of healthcare while in prison is another explanation which merits future study.
Our analyses have some limitations. First, 5% of records among deceased prisoners could not be linked to state death records. Exclusion of these unlinked prison records from our analyses of cause-specific deaths artificially lowered some of our SMRs. While SMRs were also artificially low because of the compassionate release of dying prisoners, we demonstrated in sensitivity analyses that this effect was negligible. Another limitation is that the small number of deaths among women and prisoners who were neither White nor Black precluded their inclusion in our analysis. Use of death records has several well documented limitations including differential reliability and validity by cause. 36 As with other studies examining prisoner mortality, the denominators for our death rates were derived from annual one-day censuses of prisoners. While the one-day census underestimates the unique number of prisoners who flow through the prison system annually, it does provide a reasonable estimate of prisoners' person-time at risk. Our estimates of resident deaths constituted all deaths in the population regardless of imprisonment status. Given the relatively high rates of incarceration among Black men, this assumption biased SMR estimates towards the null for Blacks more than for Whites. Finally, our findings may not be generalizable to other state prison systems.
Mortality among prisoners may be affected by prisoners' pre-incarceration morbidity, the protective environment of prison, and in addition to other basic resources, the availability of prison healthcare. With Black and White prisoners experiencing far fewer than the number of expected deaths from traumatic causes, this study provides further evidence that prison is protective against these causes. Indeed, of all the factors influencing prisoners' mortality, the protective effect of the prison environment appears to have the greatest absolute impact on our findings. Our findings that Black prisoners experienced fewer chronic disease deaths than expected, but White prisoners experienced more cannot be explained with our data. Nevertheless, these findings provide a blunt assessment of prisoners' general health and they represent a primary step in assessing healthcare need. Future studies should be designed to disentangle the effects of morbidity and prison healthcare on chronic disease mortality to further elucidate the healthcare needs of prisoners during their incarceration and following their release. Race-stratified crude, age stratified, and age adjusted mortality rates among adult male prisoners and other adult male residents, North Carolina, 1995-2005 Mortality rates were calculated for all Black and White adult (aged 20-79 years) males in prison and other adult male state residents across 11 years. Age adjusted estimates were calculated using the US Standard 2000 population. Resident point estimate mortality rates are labeled with circles; prisoner point estimates are labeled with boxes and accompanied by 95% CIs, presented using lines with caps. Mortality rates are plotted on a log scale. 95% CI = Ninety-five percent confidence intervals 
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